To measure blood flow through fast and slow pathways of the kidney separately, a new method of analyzing dye-dilution curves was devised. Twenty-five patients with hypertension or renal disease were selected for study. Indocyanine green was injected into one renal artery and dye-dilution curves were recorded in blood from the ipsilateral renal vein, using a densitometer. Recirculation effect was eliminated by the curve obtained from the contralateral renal vein. For analyzing the dyedilution curves, a new mathematical model and an iterative least squares method of fitting the curve using a digital computer were employed. Basic assumption for the model was that the transit time of each molecule of the dye through fast and slow pathways was a random variable and followed a log-normal distribution. The fast flow measured by the new method was significantly decreased in 11 patients with azotemia compared with that in 14 without azotemia, while changes in slow flow were not significant. Consequently, the ratio of the slow flow to the total flow was increased in renal failure.
I NDICATOR dye-dilution methods have been used to measure cardiac output for many years. In recent years, several studies of the renal circulation have used this technic. To investigate the intrarenal circulation, Kramer,1' 2 Reubi,3 4 Nakamura,5 Ueda,6 and their co-workers attempted to measure renal cortical (or fast) and medullary (or slow) blood flows separately. Kramer and his associates measured renal cortical and medullary flows directly in dogs, while the others analyzed dye-dilution curves by the graphical method developed by Reubi's group,3'4 and estimated fast and slow blood flows indirectly.
However, there have been uncertainties concerning the interpretation of the two components obtained from a dye-dilution curve by the graphical method, as suggested by Gomez and his co-workers,7 and others. 8' 9 In the present paper, we have devised a new analytical method that uses dye-dilution curves for the separate measurement of blood flow through fast and slow pathways in the kidney. In addition, intrarenal distribution of blood flow in patients with normal and impaired renal function was estimated by the new analytical method. Methods Dye-dilution curves were recorded from 37 patients with hypertension or renal disease.
Patients received 100 mg of pentobarbital intramuscularly and 30 mg of diphenhydramine (Benadryl) subcutaneously as premedication. After our method and GFR measured by sodium thiosulfate clearance was also established (fig.  4 ). Significant reverse correlation was observed between the maximal urinary osmolality and the ratio of the slow flow to the total flow (r =-0.54, P < 0.05; fig. 5 ).
Discussion
To measure cortical and medullary blood flows separately by the dye-dilution method, it is essential to record cortical and medullary outflow curves separately but simultaneously. However, it is impossible to obtain such curves because of the anatomic basis of the renal vasculature. Therefore, Reubi and associates3 4 The ratio of slow to total blood flow was 25.5 ± 4.7% in azotemics, a significant increase compared with that of nonazotemics (19. 5-+ 5.2%; P<0.01). Reubi and co-workers4 found that the flow ratio of slow to fast component was not altered significantly in chronic renal disease, but Nakamura and associates,5 using an ascorbic acid-dilution method, found an Circulation, Volume XLII, August 1970 increased ratio. Our results in this study confirm those of Nakamura's group. Bruchhausen23 calculated a cortex to medulla quotient based on separate determinations of the weight of the renal cortex and medulla of healthy and vascular sclerotic kidneys, and this quotient in vascular sclerotic kidneys was smaller than that from healthy man. Takeuchi24 reported from a study of renal vasculature that in nephrosclerosis and contracted kidney due to chronic glomerulonephritis, relatively well-preserved medullary vessels with increased vasa rectae were observed, in spite of extensive involvement in the cortical vasculature. These reports are consistent with the increased ratio of the slow flow to the total flow in azotemics. In renal failure, maximal urinary osmolality decreased as the ratio of slow flow to total flow increased. This supports the view that the impaired concentrating ability of the kidney in renal failure is due partially to the excessive washout of solutes from the medulla by the relatively increased blood flow through the countercurrent exchanger system. Where C1(C2) is the area of fast (slow) component, U1(U2): median (j1(,u2)) of fast (slow) one, S1(S2):
standard deviation (rl(Cr2)) of fast (slow) one,
